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ABSTRACT
Recently the development of natural fiber composite instead of synthetics fiber has
lead to eco-friendly product manufacturing to meet various applications in the field of
automotive, construction and manufacturing. In this present research, the effects of
maleic anhydride polypropylene (MAPP) on the material characterization behaviour,
mechanical properties, vibration damping properties and flammability properties of ke-
naf fiber and coir fiber reinforced polypropylene were investigated. Different fractions
of composites with 10wt%-40wt% coir fiber (CF) and kenaf fiber (KF) content were
prepared by using brabender mixer at 190 °C. The 3wt% MAPP was added during the
mixing. The composites were subsequently fabricated with injection molding and hy-
draulic hot press to prepare the test specimens. The effect of MAPP on morphology,
mechanical properties, physical properties, vibration damping properties and flamma-
bility properties of CF or KF composites were then investigated by using FTIR, SEM,
tensile test, density test, transmissibility test and vertical flame test, respectively. The
results revealed that the 30wt% modified kenaf fiber composite (m-PP/KF) shows the
highest improvement in tensile strength compared to CF composites and unmodified
composite which is 30.51 MPa. These results were also confirmed by the SEM ma-
chine observations of fracture surface of composites and FTIR analysis of the chemical
structure. The result of damping analysis showed modified composites with MAPP in
30wt% CF or KF composites lead to good vibration damping which are increased
up to 1017.7% and 756.9% compared to neat PP. On the other hand, the 30wt% m-
PP/CF and 30wt% m-PP/KF showed the highest delay in first dripping time compared
to neat PP which are increased up to 800% and 1000%. As the results, the presence
of MAPP helps increasing on the mechanical properties, vibration damping properties
and flammability properties of both fibers. The 30wt% kenaf fiber with 3wt% MAPP
gives the best result compare to others.
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ABSTRAK
Baru-baru ini pembangunan komposit gentian semulajadi bukannya serat sintetik mem-
bawa kepada pengeluaran produk mesra alam untuk memenuhi pelbagai aplikasi dalam
bidang automotif, pembinaan dan pembuatan. Dalam kajian ini, kesan maleic anhy-
dride polipropilena (MAPP) pada sifat pencirian material, sifat mekanik, sifat redaman
getaran dan sifat mudah terbakar gentian kenaf dan gentian sabut diperkuatkan dengan
polipropilena telah dikaji. Pecahan komposit yang berlainan dengan 10wt%-40wt%
mengandungi serat sabut (CF) dan serat kenaf (KF) disediakan dengan menggunakan
pengadun brabender pada 190 °C. 3wt% MAPP pula ditambah semasa pencampu-
ran. Komposit kemudiannya dibuat dengan pengacuan suntikan dan penekan panas
hidraulik untuk menyediakan spesimen ujian. Kesan MAPP pada morfologi, sifat
mekanik, sifat fizikal, sifat redaman getaran dan sifat mudah terbakar komposit CF
atau KF kemudian dikaji dengan menggunakan FTIR, SEM, ujian tegangan, ujian
kepadatan, ujian pemalar dan ujian nyalaan menegak. Keputusan menunjukkan ba-
hawa komposit 30 wt% serat kenaf komposit diubah suai (m-PP/KF) menunjukkan
peningkatan kekuatan tegangan tertinggi berbanding dengan komposit CF dan kom-
posit tidak diubah suai iaitu 30.51 MPa. Keputusan ini disahkan oleh pemerhatian
mesin SEM pada permukaan patah komposit dan analisis FTIR mengenai struktur
kimia. Hasil analisis redaman menunjukkan komposit diubah suai dengan MAPP
dalam 30wt% CF atau KF komposit membawa kepada redaman getaran baik yang
meningkat sehingga 1017.7% dan 756.9% berbanding dengan PP asal. Sementara
itu, 30wt% m-PP/CF dan 30wt% m-PP/KF menunjukkan penangguhan tertinggi bagi
masa titisan pertama berbanding dengan PP asal yang meningkat sehingga 800% dan
1000%. Sebagai hasilnya, kehadiran MAPP membantu meningkatkan sifat mekanikal,
sifat getaran redaman dan sifat mudah terbakar kedua-dua serat. Serat kenaf 30wt%
dengan 3wt% MAPP memberikan hasil yang terbaik berbanding yang lain.
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CHAPTER 1
INTRODUCTION
1.1 Background of Study
Over the past few decades, materials scientists and engineers in all over the world have
focussed their interest in using natural fibers as reinforcement for polymeric com-
posites due to their attractive properties such as lightweight, renewability, low den-
sity, high specific strength, non-abrasively, combustibility, non-toxicity, low cost and
biodegradability. In addition to that, such fibers have high specific properties such as
stiffness, impact resistance, and flexibility. Other properties include less skin and respi-
ratory irritation, vibration damping, excellent sonic insulation properties and enhanced
energy recovery (Nishino et al., 2003).
Natural fibers may play an essential role in developing biodegradable compos-
ites to resolve the current ecological and environmental problems and used in various
applications such as automotive components, building materials, and the aerospace in-
dustry. Presently, synthetic fibers like glass, carbon and aramid are increasingly being
used in polymer-based composites because of their high stiffness and strength proper-
ties. However, these fibers have serious drawbacks in terms of their biodegradability,
initial processing costs, recyclability, energy consumption, machine abrasion, health
hazards, and others (Kabir et al., 2012).
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There are various types of natural fibers today, and the variety continues to in-
crease. Some examples in use include ramie, hemp, kenaf, jute sisal, banana, coconut
coir, sugarcane and others. Coconut palms or Cocosnucifera L. are abundantly grow-
ing in coastal areas of all tropical countries and its wide variety of products are being
applied in food and non-food products. Its nutritious nuts represent a major form of
livelihood for millions of people (Khidir et al., 2011; Van Dam et al., 2004). Coir fiber
reinforced polymer composites developed for industrial and socio-economic applica-
tions such as automotive interior, paneling and roofing as building materials, storage
tank, packing material, helmets and postboxes, mirror casing, paper weights, projector
cover, and voltage stabilizer cover (Bongarde & Shinde, 2014). A study by Ayrilmis
et al. (2011) reported that optimal composite panel formulation for automotive interior
applications was mixture of 60 wt% coir fiber, 37 wt% PP powder and 3 wt% MAPP.
Kenaf (Hibiscus Cannabinus L.) is a warm-season annual fiber that can be
grown under a wide range of weather conditions (Murphy et al., 2007). Kenaf is
recognized as a cellulosic source with environmental and economical advantage that
has been found to be an important source of fiber for composites, and other indus-
trial applications (Akil et al., 2011). Kenaf is similar in appearance to hemp and
has a unique combination of long bast and short core fibers which has a potential as
filled fiber in thermosets and thermoplastic composites. However, the fibers modifica-
tion is required and needed to improve mechanical properties for composites product
(Mohd Edeerozey et al., 2007). According to Zampaloni et al. (2007), when compared
to the other natural fiber reinforced polypropylene composites, both the 30% and the
40% kenaf polypropylene composites provided a tensile strength that are greater than
either coir or sisal polypropylene composites.
The process benefits and good mechanical properties have acquired some pop-
ularity of natural fiber reinforced composites. The variety of thermoplastics are used
with natural fiber practically limited because of minimum thermal stability of natural
fiber. Polyprpylene (PP) is one of the product thermoplastics which have good prop-
erties, for instance, good tensile strength and rigidity and also inactive towards acids,
alkalis and solvent compared with other thermoplastic materials (Liu et al., 2015).
There are various applications utilized for PP such as household products, packaging,
and automobile due to its good processability, relatively high mechanical properties,
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and low cost compared with other thermoplastics. The key properties of PP are higher
stiffness at lower density and resistance to a higher temperature when not subjected to
mechanical stress. Previous study has described that the addition of fiber reinforcement
can enhance the modulus and strength of PP (Sameni et al., 2003).
Generally, polymer and natural fiber filler are incompatible to form as great
composite. Natural fibers reinforced polymer matrix have poor interfacial properties
because of the hydrophilic nature of natural fibers (Li et al., 2007). Natural fibers have
good relationship with moisture absorption due to its hydrophilic nature and cause it
to reduce their life span. For that reason, the interaction between fiber and matrix fiber
surface modification need to improve with fiber surface modification. The surface
of natural fiber have many reactive hydroxyl groups. Most commercially available
materials, hydroxyl groups can also be obtained in the lignin and in the free and bound
water present in natural fibers. The hydroxyl groups are activated with fiber surface
modification by using chemicals, which help the natural fibers to interlock with the
matrix by introducing the new moieties (Li et al., 2007).
The use of different kinds of chemical treatments are to increase the interfa-
cial bonding such as acetylation, mercerization, isocyanate treatment, acrylation, silent
treatment and others. In this study, natural fibres are treated by sodium hydroxide
(NaOH) to modify the adhesion between fibers and the surrounding matrix and im-
proves surface roughness. Alkali treatment affects the swelling of cellulose fibers,
thereafter converting cellulose structure to thermodynamically more stable than the
original structure (Zaman & Beg, 2014).
The agglomeration that occurs during composites process decreases the effec-
tiveness of natural fiber because of the poor compatibility between natural fiber and
PP and high moisture absorption (Ismail, 2013). The presence of usually polar fibers
caused a low compatibility with non-polar polymer matrices, especially hydrocarbon
matrices such as polypropylene (PP). This leads the bonding between both of them
becomes worse and thus the tensile strength of the composite is reduced (Rosa et al.,
2009). A compatibilizer such as Maleic anhydride grafted polypropylene (MAPP) is
the way to overcome this restriction which mixed together with natural fibers filled
PP composites. A study by Rosa et al. (2009) revealed that the mechanical properties
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of the composites are increased with the addition of compatibilizer. The presence of
MAPP in natural fibers reinforced PP composites migrates the polar interactions be-
tween the non-polar PP and polar fiber surface and can covalently link to the hydroxyl
groups on the lignocelluloses natural fiber.
Polypropylene is weak against fire and a polymer matrix itself has no outstand-
ing role in improving the flame resistance of the composites; it depends upon the re-
inforcements and fillers. Natural fiber reinforcements generally reduce the thermal
stability of the polymer matrices and increase their flammability (Lee et al., 2014).
Natural fibers and polymers are organic materials and are very sensitive to change any
features if flame is introduced to them. Flame retardancy is another aspect that has
become greatly significantly in order to fulfill safety measures taken while develop-
ing natural fiber composites (Mohamed et al., 2015). Russo et al. (2012) evaluated
the effect of kenaf fiber on the flammability of different polymers. They found that
the degradation temperature of virgin polymers was higher than the kenaf fiber rein-
forced polymers. Therefore, in this study the fire behavior of incorporation of MAPP
in natural fibers filled PP composites is studied by using vertical flame test.
1.2 Problem Statement of Study
Nowadays, sustainable technologies in the global automotive industry are progres-
sively adopting the form of natural fiber composite specifically these day because
the dependencies towards synthetic fibers is not enough, in addition of disadvantages
of these fiber which highly in cost, hazardous material and non-renewable materials
(Azwa et al., 2013). An outstanding performance of composites reinforced with nat-
ural fibers produces a variety of modern day car parts from door panels to spare tire
linings. However, there are issue of vibration absorbing material and flame retardancy
in an automotive field and packaging that need some new material to replace or as an
alternative to the existing products. Currently, the utilization of renewable sources in
the readiness of various industrial materials has been regenerated because of the en-
vironmental concerns. Thus, the problem is to build new idea and formulae either in
automotive or packaging or building production application.
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Previous researches have been done on mechanical properties of polypropylene
(PP) composites with coconut coir and kenaf as natural fibers. Because of downsides
such as poor interfacial adhesion between the fiber and the polymer matrix, researches
also have been done on treatment of natural fibers to increase the mechanical proper-
ties of composites (Mitra, 2014). Recently, there is lack of study in the application
of vibration absorption application, and flame retardancy application provide a gap to
be explored and study, particularly involve polymer matrix composites reinforced by
natural fibers. Therefore, in this study, the flammability, mechanical, damping proper-
ties of coconut coir and kenaf fibers filled PP composites containing Maleic Anhydride
(MA) as compatibilizer are investigated.
1.3 Objective of Study
The objectives of this research are:
1. To synthesis the natural fiber based polymer composites with MAPP compatibi-
lizer.
2. To investigate the effect of compatibilizer on the mechanical properties of co-
conut coir fiber and kenaf fiber reinforced polypropylene.
3. To measure the vibration damping properties of natural fiber reinforced polymer
composite.
4. To determine the fire retardant behavior of natural fiber based polymer compos-
ite.
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1.4 Scope of Study
1. Two types of natural fibers are used as the reinforcement of the polymer which
are kenaf fiber and coir fiber.
2. The polymer matrix is polypropylene.
3. The fibers fraction used are 10 wt%, 20wt%, 30wt% and 40wt%.
4. Size fiber range is 200 µm to reduce the tendency of agglomeration.
5. Tensile test is carried out to determine the mechanical properties of composites.
6. Transmissibility test is carried out to measure the vibration characteristics based
on vibration transmissibility test.
7. Flame testing is carried out to determine flame resistant behavior of composites.
8. Analyses material characterization is using scanning electron microscopy (SEM)
and the fourier transform infrared analysis (FTIR).
1.5 Significance of Study
In this study, a new thermoplastic composite filled with natural fibers with good flamma-
bility resistance, vibration absorbing and mechanical properties is expected to be de-
veloped especially on the inside of motor vehicle and packaging industry. In addition,
the natural fibers that were used are among domestic plants which can be easily found
in Malaysia. The application of these fibers can help to provide a cost reduction of the
product due to the relatively cheaper price of natural fibers (Kamal et al., 2014). This
research also was determined whether this was able to increase the polymer mechanical
properties and provide a guideline of utilizing natural fiber polymer composites fea-
tured by providing high performance, cost effectiveness and weight savings as better
alternative material for vibration control.
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1.6 Thesis Outline
Chapter 1 has highlighted the background of study, problem statement, objective, scope
and its significance of research. It discussed the reason of research aimed in developing
thermoplastic composite filled with natural fibers which can provide better vibration
damping.
In Chapter 2, a review of literatures focusing on polymer, composite material,
natural fibers, damping mechanism, and flammability. Apart of that, previous study
related to this research about the polymer reinforced natural fibers are also presented
in the chapter.
Chapter 3 shows the methodology that used to conduct the whole study. The
technique of natural fiber preparation, the physical and mechanical test, transmissibil-
ity test, and flammability test are described in detail.
Chapter 4 begins by laying out the results and an in-depth discussion of mod-
ification coir fiber/polypropylene and kenaf fiber/polypropylene composites, material
characterization analysis, tensile properties, surface morphology, transmissibility and
flammability of composites.
Chapter 5 is the last chapter that summarises finding of the research project, as
well as the directions for future research works.
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
CHAPTER 2
LITERATURE REVIEW
This chapter provides readers with a general review on the composites, matrix, and the
natural fibers. It also covers description of vibration, and also flammability. The last
part of this section reviewed previous findings in polymer reinforced natural fiber. This
section aims is to acquire important information related to the area of study, in order
to give more idea and identified research gaps before the project is implemented. All
the information is gathered mostly from the text books, journals and internet.
2.1 Overview of Materials
The growing need of modern society in caring for the environment has forced to man-
ufacturing industry acquires new processes and methodologies enable effective use of
existing natural resources. Therefore, this is the reason why nowadays it has opened
a wide space for materials research friendly environment. The compounds with poly-
meric matrices provide processability, moderate mechanical properties, suitability for
recycling and low density, among others (Rashed et al., 2006).
The change in the raw material and production of synthetic composites require
a large quantum of energy and quality of environment suffered because of the pollution
generated during the production and recycling of these synthetic materials. This has
once again drawn the attention towards natural fibers due to their distinct advantages.
Thus, the renewed interest in the natural fibers has resulted in a large number of modi-
fications to bring it at par and even superior to synthetic fibers (Akindoyo et al., 2015).
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However, because of such tremendous changes in the quality of natural fibers, they are
fast emerging as a reinforcing material in composites.
2.2 Composites
A composite material is a macroscopic combination of two or more distinct materials,
having a recognizable interface between them. Nevertheless, as a common practical
definition, composite materials may be restricted to emphasize those materials that
contain a continuous matrix constituent that binds together and provides form to an ar-
ray of a stronger, stiffer reinforcement constituent. The resulting material has a balance
of structural properties that is superior to either constituent material alone (Miracle
& Donaldson, 2008; Das & Pourdeyhimi, 2014). The constituent materials maintain
their separates identities in the composite, yet their combination produce properties
and characteristics that different from those of the constituents.
One of those constituents forms a continuous phase called the matrix. The other
major constituent is reinforcement in the form of fibers or particulates that is, in gen-
eral, added to the matrix to improve or alter the matrix properties. The reinforcement
forms discontinuous phase that is dispersed uniformly throughout the matrix. The rein-
forcement surface maybe chemically treated or coated with a very thin layer to improve
wetting of the reinforcement by the matrix as well as to control or enhance interfacial
bonding between the reinforcement and the matrix (Verma et al., 2012; Madhusudhan
& Keerthi Swaroop, 2016). As shown in Figure 2.1, the reinforcement may consists
fiber, particulate laminar, flake and filled. The surface treatment may also serve to
protect the reinforcement surface from the degradation by environmental attack, such
as by moisture and chemicals, or by adverse chemical reaction with the matrix at high
temperature (Mitchell, 2004; Zahari, 2017).
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
10
Figure 2.1: Composite reinforcement types (Kulkarni, 2012)
Composites can be grouped into different categories based on the nature of
each type of matrix possesses. Fabrication method also varies according to physical
and chemical properties of the matrices and reinforcing fibers. The typical engineered
composite materials include:
• Composite building materials such as cement, concrete.
• Reinforced plastics, such as fiber-reinforced polymer
• Metal composites
• Ceramic composites (composite ceramic and metal matrices).
For the fiber reinforced polymer, polymer materials or polymeric matrix composites
(PMC) are usually used as the matrix of the composite. PMC have been popularly
used in infrastructure applications due to their many merits, including high strength to
mass ratio, superior durability and easy in applications (Zaman et al., 2015). One of
the specific type of PMC that has drawn significant attention is fiber reinforced poly-
mers (FRP) which combine high strength and high modulus fibers with low modulus
polymer matrices that serve as binding material to ensure stress transfer between the
fibers (Xie et al., 2010; Zhou et al., 2013). As the fiber reinforced polymer, it can vary
from synthetic to natural fiber.
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
11
Unlike a ceramic matrix composite, the reinforcement in a polymer matrix
composite provides strength and stiffness that are lacking in the matrix. The PMC
is designed so that the mechanical loads to which the structure is subjected in service
are supported by the reinforcement. The function of the relatively weak matrix is to
bond the fibers together and to transfer loads between them (Biron, 2012; Mohammed,
2013). In this research, PMC has been selected as the type of composite because there
are so many potentials to be explored and it randomly oriented with short fiber com-
posites arrangement.
2.3 Matrix
The matrix is the binder material that supports, separates, and protects the fibers in
the core of PMC. It provides a path by which load are both transferred to the fibers
and redistributed among the fibers in the event of fiber breakage. The matrix typically
has a lower density, stiffness, and strength than the fibers (Staab, 2015). Matrices
can be brittle, ductile, elastic, or plastic. The improvement in mechanical properties is
believed to be due to a better dispersion of fibers in the matrix, a more effective wetting
of fibers by matrix resin and a better adhesion between two phases (Karmarkar et al.,
2007).
Matrix is also providing a barrier against adverse environment and to protect
the surface of the fibers from mechanical abrasion by transfer external loads to inter-
nal reinforcements (Kabir et al., 2012). This process requires a good bond adhesion
between the polymeric matrix and the fibers. The main problem when use fiber as
reinforcement is the difficulties during fabrication process of hydrophobic matrix and
hydrophilic natural fiber for example, sisal, kenaf, hemp, jute or coir which resulted
in poor mechanical properties. However, these problems can be improved by using a
physical and chemical treatment (Li et al., 2007).
Generally, there are four majors type of matrices widely used in industry namely
polymeric, metallic, ceramic and carbon. For this study, polymeric matrices will be
used together with natural fiber reinforcement. Polymer resins can be divided into two
categories which are thermosetting and thermoplastics. The thermoplastic materials
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that currently dominate as matrices for natural fibers are polypropylene and polyethy-
lene, while thermoset, such as phenolics, epoxy and polyesters, are common matrices.
As shown in Table 2.1, each of the material that been use for matrix has its own advan-
tages and disadvantages.
Table 2.1: Advantages and disadvantages of polymeric matrix (Kabir et al., 2012)
Polymer Advantages Disadvantages
Thermoset -Low resin viscosity
-Good fiber wetting
-Excellent thermal
stability once
polymerized
-Chemical resistant
-Brittle
-Non-recyclable
via standard
technique
-Not post
formable
Thermoplastic -Recyclable
-Easy to repair by
solvent bonding
-Post formable
-Tough
-Ductile
-Poor melt flow
-Need to heat
above melting
point for
processing
purposes
2.3.1 Thermoplastics
Thermoplastic polymers constitute an essential class of materials with a wide vari-
ety of applications such as semi-structural and structural applications (Khanam & Al-
Maadeed, 2015). Thermoplastic matrices might have few or no chemical crosslinks
and to process thermoplastic which is involved a heating to increase the temperature
until solid state becomes high viscosity liquids. Therefore, the thermoplastic is more
suitable polymers that can be used to reinforce with fiber due their form transforma-
tion phase during extrusion process. The structure of thermoplastic matrix materials
consists of one or two dimensional moleculars. Thus, these polymers can be formed at
elevated temperature, cooled and remelted and reformed into different shape without
changing the properties of polymer. Nevertheless, the material will be decomposed if
the heat used to melt and remelt the thermoplastics are not carefully controlled (Begum
& Islam, 2013; Sonar et al., 2015).
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Thermoplastics materials are polymeric materials made up of linear or branched
macromolecules. Macromolecules having a regular structure are capable of the order
required to form crystals, when an irregular arrangement of polymer chains gives rise
to an amorphous structure (Mercier et al., 2012). Polymeric materials are said to be
semi-crystalline (partially crystalline) when they contain both domains of crystalline
order as well as amorphous phases (Erhard, 2006). In material engineering applica-
tion, the most commonly used polymer types are polyethylene (PE), polypropylene
(PP) and polyvinylchloride (PVC). Some of the general properties of the plastics men-
tioned are presented in Table 2.2 below. In this study, polypropylene had been chosen
as the matrix to bind with the natural fiber reinforcement.
Table 2.2: Properties of thermoplastics commonly used in composites (Martikka,
2013; Erhard, 2006)
Name Microstructure
Melting Density Tensile Impact
temperature (g/cm3) strength strength
(º C) (MPa) (J/m)
High-density Semi
130 - 140 0.95 38.2 373
polyethylene crystalline
Low-density Semi
108 - 115 0.92 11.6 -
polyethylene crystalline
PP
Semi
160 - 165 0.90 35.8 43
crystalline
PVC Amorphous - 1.4 44.4 181
2.3.2 Polypropylene
Polypropylene (PP), which is one of the polymer materials, is monomer unit in terms
of molecules that been produced by polymerizing propylene. PP has the chemical
formula of C3H6 and known as the economical material that offer a combination of
outstanding properties compare to other thermoplastic material. Among all the matrix
polymer, polypropylene is a versatile material that give various of excellent physical,
chemical, mechanical, thermal and electrical properties that could not found in any
other thermoplastic (Boukehili & Nguyen-Tri, 2012).
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Generally, PP is characterised with high toughness, high resistance to chemi-
cal attack, electrical insulation, low coefficient of friction, easy formability, excellent
resistance to organic solvents, degreasing agents and electrolytic attack (Khan et al.,
2012). Even the polymer has a lower impact strength compared to low or high density
polyethylene, PP gives a better working temperature and tensile strength. However, its
low tensile strength and low heat resistance have limited its use in many engineering
applications (Zahari, 2017).
Researches have been carried out in order to optimise the physical and me-
chanical properties of the polymer. This has led to development of polymer-based
composites in which synthetic fillers such as iron particles and glass fibres are used
as reinforced fillers in the polymers (Omrani et al., 2016). Such polymer matrix com-
posites are used in automobile, aviation, medical implantation, fixture and furniture
fittings and paper industry but the overall cost of the synthetic fibre reinforced polymer
matrix composite is one of the major factors that limits its use in general day to day
engineering applications (Agunsoye et al., 2014).
2.4 Natural Fibers
In the current market, most composite is made with synthetic fibre which has high
strength and high stiffness. The notable synthetic materials used are carbon and glass
fibre. Glass fibers is among the most favourable due to their low cost and desirable
mechanical properties (Wambua et al., 2003). Due to increasing awareness toward the
importance of preserving the environment for human benefits, there are heavy impacts
on the design of engineering materials. Materials that are renewable and recyclable
begin to gain popularity from the manufacturers due to the enforcing rules and regula-
tions from authorities.
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Natural fibers, as reinforcement, have recently received great attention from
researchers because of their advantages over established materials. Natural fiber is
simply defined as fibrous plant material produced as a result of photosynthesis (Azwa
et al., 2013; Cheung et al., 2009). These fibers are sometimes being referred as veg-
etable, biomass, photomass, solarmass or photosynthetic fibers. They are environmen-
tally friendly, fully biodegradable, abundantly available, renewable, cheap and have
low density.
Natural fibers can be divided into animal fibers and plant cellulose fibers. Nat-
ural fibers that produced from plants can be categorized into primary and secondary
depending on the utilization. Primary plants are grown for their fibers while secondary
plants are plants where the fibers are extracted from the waste product. There are 6
major types of fibres such as bast fibers, leaf fibers, fruit fibers, grass fibers, core fibers
and other types (wood and roots etc.) as shown in Figures 2.2. There are thousands of
natural fibres available and therefore there are many research interests in utilization of
natural fibres to improve the properties of composites (Faruk et al., 2012).
Figure 2.2: Classification of plant natural fiber (Debnath et al., 2013)
Plant fibers are light compared to glass, carbon and aramid fibers. The biodegrad-
ability of plant fibers can contribute to a healthy ecosystem while their low cost and
high performance fulfills the economic interest of industry. When natural fiber rein-
forced plastics are subjected to combustion process or landfill at the end of their life
cycle, the released amount of CO2 of the fibers is neutral with respect to the assimi-
lated amount during their growth (Girisha & Sanjeevamurthy, 2012). Table 2.3 shows
the advantages and disadvantages of natural fibers.
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Table 2.3: Advantages and disadvantages of natural fibres (Alkbir et al., 2016; Jawaid
& Abdul Khalil, 2011)
Advantages Disadvantages
Low specific weight
results in a higher
specific strength
Lower strength especially
impact strength
Renewable resources
and requires little
energy
Variable quality, especially
impact strength
Production with low
investment at low cost
Poor moisture resistance,
which causes swelling of the
fibres
Friendly processing, no
tools and no skin
irritation
Restricted maximum
processing temperature
High electrical
resistance
Lower durability
Good thermal and
acoustic insulation
properties
Poor fire resistance
Biodegradable Poor fibre/matrix adhesion
Thermal recycling is
possible
Price fluctuations due to
harvest results
Natural fibers are mainly made of cellulose, hemicelluloses, lignin and pectin,
with a small quantity of extractives. Incorporating the tough and lightweight natural
fibers into polymer either thermoplastic or thermosetting produces composites with
a high specific stiffness and strength (Wambua et al., 2003; Rodrigues et al., 2011).
Almost all the production techniques can be used to manufacture the natural fiber
filled polymer. Table 2.4 displays the list of manufacturing techniques used for natural
fiber reinforced composite preparation involving thermoset and thermoplastic. Mostly
fiber reinforced thermoplastic is fabricated by using injection molding. According to
Gharkail (2001), composite materials for injection moulding must be capable of flow
under pressure and are therefore usually filled or short fiber reinforced thermoplastics
with relatively low filler fraction (typically <50wt.% or 30vol.%). Too low fraction
does not give significant property improvements while too high fraction makes the
material difficult to process and compromises properties such as impact performance
(Brooks, 2000).
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Table 2.4: Techniques for the composite fiber preparation with the polymer (Saba et al.,
2014)
Processing of natural
fiber-thermosetting
composites
Processing of natural
fiber-thermoplastic
composites
Hand lay-up and spraying Extrusion
Compression Injection molding
Transfer Thermoforming
Resin transfer molding Compression method
Injection molding Cold pressing
Compression injection Heating
Pressure bag molding
Direct long fiber reinforced
thermoplastics
Pultrusion Filament Winding
Vacuum assisted resin
transfer molding
Foam molding
The potential of fiber reinforced polymer composites was recognized more than
50 years ago, now they can find their application in most industries including construc-
tion, aerospace, automotive, and electronics (Dhal & Mishra, 2013; Herlina Sari et al.,
2017). Generally, the mechanical properties of natural fibers, especially flax, hemp,
jute and sisal, brought potential to compete with glass fiber in specific strength and
modulus. Table 2.5 shows the mechanical properties of some natural and man-made
fibers (Li et al., 2007). In this study, kenaf and coir fibers were selected as the rein-
forcement of the composites.
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
18
Table 2.5: Mechanical properties of natural fibers as compare to conventional fibers
(Sanjay et al., 2015; Li et al., 2007)
Fiber Density
(g/cm3)
Elongation
(%)
Tensile
Strength
(MPa)
Young
Modulus
(GPa)
Abaca 1.5 3.0-10.0 400 12
Bagasse 0.89 5.8 350 22
Bamboo 1.25 - 290 17
Banana 1.35 5.9 529-914 27-32
Coir 1.2 15.0-30.0 175-220 4.0-6.0
Cotton 1.5-1.6 3.0-10.0 287-597 5.5-12,6
Curaua 1.4 3.7-4.3 500-1500 12
Flax 1.4-1.5 1.2-3.2 345-1200 27.6-80
Hemp 1.48 1.6 550-900 70
Jute 1.3-1.46 1.5-1.8 393-800 10-30
Kenaf - 1.6 930 53
Pineapple 1.44 14.5 413-627 60-82
Ramie 1.5 2.0-3.8 220-938 44-128
Sisal 1.33-1.5 2.0-14 400-700 9.0-38.0
Carbon (Standard) 1.4 1.4-1.8 4000 230.0-
240.0
E-glass 2.5 2.5-3.0 2000-3500 70.0
2.4.1 Kenaf
Kenaf (Hibiscus Cannabinus L.) is an herbaceous annual plant that belongs to the Mal-
vaceae family. Kenaf grows very quickly and can reach a height of 4 to 5m within 4 to 5
months growing season with the kenaf’s stalk diameter of 25-35 mm (Li & Mai, 2006).
Kenaf plant has a single, straight and branchless stalk and made up of an inner woody
core and an outer fibrous bark surrounding the core. The kenaf comprises 35-40% bast
fibre and 60-65% core fibres by weight of the kenaf’s stalk. Kenaf fibers are lignocel-
lulosic fibers mainly consisting of cellulose, hemicelluloses and lignin. Noncellulosic
compounds such as lignin, hemicelluloses and pectin hold the cellulose fibrils together
(Shariff et al., 2013). It is also a dicotyledonous plant meaning that the stalk has three
layers; (1) an outer cortical also referred to as (bast) tissue layer called phloem, (2) an
inner woody (core) tissue layer xylem, and (3) a thin central pith layer which consist
of sponge-like tissue with mostly non-ferrous cells as can be seen in Figure 2.3.
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Figure 2.3: Exposed physical appearance of kenaf (Aji et al., 2009)
The fiber has been mainly used in rope, twine, coarse cloth and paper. How-
ever, there is demand for this fiber to be used as reinforcement polymers (Nishino et al.,
2003). In Malaysia, planting, cultivating and harvesting of kenaf plant has become the
subject of interest and is identified by the Malaysian Government to be the 7th com-
modity plant, thus it will replace the tobacco plant in future time. Besides that, kenaf
fibers is gaining more attention in Malaysia and became the national agenda for fur-
ther advancement in various applications which included the automotive components,
food packaging, furniture as well as sports and leisure (Anuar & Zuraida, 2011; Kamal
et al., 2014).
In addition, Malaysia is towards the environment friendly with the aim to re-
duce global usage of non-degradable plastics especially for domestic application and
in 2010, Malaysia government has allocated more than 30 millions for the develop-
ment of kenaf industry (Meon et al., 2012; Basri et al., 2014). By owing the good
mechanical properties and abundant local supply and relatively cheaper cost of the ke-
naf fiber RM4.00/kg as compared to glass fibers RM7.00/kg, it will be a perfect choice
for composite products (Kamal et al., 2014).
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A research by Rouison et al. (2004) indicated that kenaf has been actively culti-
vated in recent years for two main reasons. (1) Kenaf absorbs nitrogen and phosphorus
that is present in the soil. The average absorption rate for kenaf is 0.81 g/m2 per day for
nitrogen and 0.11 g/m2 per day for phosphorus and these rates are several times higher
than those with a variety of stress. (2) Kenaf accumulates carbon dioxide at a signifi-
cantly high rate. The photosynthesis rate of kenaf is much higher than photosynthesis
rates of conventional tree.
Kenaf is presently being used in paper production on a very limited basis. Var-
ious uses of the bast fibers have been explored, such as in the making of industrial
socks to absorb oil spills, as well as making woven and non-woven textiles. Kenaf
bast fiber has been reported to have superior flexural strength combined with its excel-
lent tensile strength that makes it the material of choice for a wide range of extruded,
molded, molded and non-woven products as widely discussed by other researchers.
Meanwhile, the kenaf core fibers used in product applications such as animal bedding,
summer forage, and potting media (Ramaswamy et al., 2003; Aji et al., 2009).
2.4.2 Coir
Coconut coir or Cocos nucifera is a coarse fiber extracted from the fibrous outer shell
of a coconut. The cells of the individual fibers are narrow and hollow, with thick walls
made of cellulose. It is generally measured up to 35 cm in length with a diameter of
12-25 microns. They are pale when immature but later become hardened and yellowed
as a layer of lignin is deposited on their walls (Gu, 2009).
There are two varieties of coir; brown coir and white coir. Brown coir have
thick, strong, and high abrasion resistance properties which is harvested from mature
coconuts. By contrast, white fiber is more smooth and fine but weaker than brown fiber
(Ali, 2011). White coir is harvested from immature green coconuts after soaking up to
10 months. Coconut fibres are commercial available in three forms: long fibres, short
fibers and mixed fibers. These different types of fibers have different uses depending
upon the requirement (Zaman et al., 2015).
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
21
Coir is a lignocellulosic hard and stiff fruit fiber that obtained from coconut
palm. It is used for making a wide variety of floor furnishing materials, yarn, rope
and others. Coir has a prominent position owing to its qualities such as resilience,
extensibility and rot resistance which enhance its commercial and industrial usefulness
(Verma & Gope, 2015). It is found in tropical regions such as India, Bangladesh, Sri
Lanka, Thailand and has played a dominant role in the economy of the region. Coir is
mainly a multicellular fiber which contains 30-300 or more cells in its cross section.
Cells in natural fiber like coir refer to the crystalline cellulose arranged helically in a
matrix consisting of a noncrystalline celluloselignin complex (Zaman & Beg, 2014).
Coco dust, also known as coir pith, coir fiber pith, or simply coir, is made from
coconut husks as can be seen in Figure 2.4, which is byproducts of other industries that
use coconuts. It consists of short fibres less than 2 cm around 2% - 13% of the total
and cork like particles ranging in size from granules to fine dust. Coir pith strongly
absorbs liquids and gases which gives it a high surface area per unit volume. Coir pith
has a high lignin (31%) and cellulose (27%) content and the carbon-nitrogen ratio is
around 100:1 (Konˇáková et al., 2015). Because of the high lignin content left to it,
coir pith takes decades to decompose. Coir pith and fiber are widely used along with
rubber and thermoset and thermoplastics resins to make composites (Bansal et al.,
2016). Most of the studies were done to utilize the naturally occurring material in the
polymer matrix for the cost reduction and property enhancement purposes (Rajkumar
et al., 2010; Verma et al., 2013; Paramanandham et al., 2014).
Figure 2.4: Coir fiber
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2.5 Constituents Characteristic
Generally, the composites of polymer reinforced natural fibers have some issues in term
of bonding adhesion between the cellulose fiber and the polymer matrix. The problem
is due to an opposite chemical nature between hydrophilic property of cellulose fibers
(on most of natural fiber) and the hydrophobic property of polymer matrix which is
related with poor surface properties for association within the polymer matrix. There
is also a degradation of mechanical properties for the composites (Mohanty et al.,
2005; Park & Seo, 2011; Pickering et al., 2016).
The word ‘hydro’ comes from Greek meaning the water, while the ‘-philic’,
from root of philia can be define as attraction or affinity to something, and the ‘-
phobic’, from root of phobia meaning repelled or tendency to aggregate. Thus, the
hydrophilic mean the material (refer to natural fiber) are attracted to water and tends to
absorb the moisture molecule, as the hydrophobic means the materials (refer to poly-
mer) are seemingly repelled from the water and does not absorb the moisture (Zahari,
2017). Figure 2.5 show the differences between hydrophilic and hydrophobic material
through the contact angle.
Figure 2.5: ’Hydrophilic’ vs. ’Hydrophobic’ contact angle
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